I . Eﬁn&%d)’ruﬁl:
B9 4o—E%k




HERERL FRSLEANVE REwEL | BA | Y |HERSE
.. |Association of polymorphisms of the androgen
I\\(]angﬁfla \1{(’ ?nlc_llo F, Niino receptor and klotho genes with bone mineral J Mol Med 83 50-57 2005
» Snimokata density in Japanese women
?ozaklzzi Fé’ ]\)(O%O VKV’ Relationships of muscle strength and power Geriatrics
MS.UZU u l,\/l ?ke ! Ly with leisure—time physical activity and and 5 182-188 | 2005
Algamlgra;\]“ ’ I\? gaml Y, 1. dolescent exercise in middle—aged and elderly | Gerontology
Serlirr?okz;talg 0 M Japanese women International
POREE SRR, e RIS REORERR | RO | 47 | 301-305 | 2005
=) s =
N '[; 3 B 7 T 3 N a N GIN
IITHITE BT % e 1o io s SRR LU BERBE| 50 | 17 | 2005
J:;i%% > HN TR s Eh iR B B e DR AR
JE_.LH%E_\ /J\#i#’%%‘ ﬁ . . ) {ﬁ{‘j\ﬁ%f@ﬁi
FEE LT, FHIESL, i |FEERITBITHHITEEORK sy 28 37-45 | 2005
HE®E RS
.. |Association of a —1997G—T polymorphism of
Eargg('ia \]i’ tAnSIO F, Niino the collagen I @ 1 gene with bone mineral Hum Biol 77 27-36 2005
» Dnimoxata density in postmenopausal Japanese women
Association of polymorphisms in CYP17, MTP,
gﬁmaia E{’ l? ndo F, and VLDLR with bone mineral density in Genomics 86 76-85 2005
) imokata community—dwelling Japanese women and men
Y g o } s
WY, BEEDR, |y nmmescntsaamigos | B2REY)
INERCE, BiEEL ~ o = AT NFEES 11 101-103 | 2005
ol BRI B3 B REMT IR F T
Okura T, Nakata Y, Lee |Effects of acrobic exercise and obesity
DJ, Ohkawara K, Tanaka {phenotype on abdominal fat reduction in Int J Obes 29 11259-1266]| 20056
K response to weight loss
FEAR, ETEK, o '
Kt KR—&, A]),RBB@E%%*%’HE%Hrﬁ“&‘£¢w fEwsHFZE | 11 | 301-305 | 2005
ASHAT, REETF, |WETBIORTAARREERSREAVT BARRE & _
; 20 s s 59 21-29 2006
PrEFEE, THIGE BHU - RBREENEHEEEO B
= 3 ME INHEAE e AL A RS
TR %gﬁﬁﬁg@%@igﬁ N - HERESE JInt&il;lated 6 | 102-105 | 2006
. Cutoff and target values for intra—abdominal
Shlgema.t su R’. Okura T, fat area for prevention of metabolic disorders Ciculation
Kumagai S, Hiyama T, . ~ 70 110-114 | 2006
Amagai H. Tanaka K in pre— and post—menopausal obese women Journal
g ’ 2 before and after weight reduction
Ishizaki T,Yoshida H, Archives of
Suzuki T, Watanabe S, |Effects of cognitive function on functional G rontelo
Niino N, Thara K, Kim H, |decline among community-dwelling nondisabled| ~° am;’ &1 42 | 47-58 | 2006
Fujiwara Y, Shinkai S, older Japanese Geriatri
eriatrics
Imanaka Y :
el L A s Ten TV S R _—_—
E ERE. THESE [1200-820)08 B FEENRIETHE sk =
T, ZRELT. [RERRLEEERRY roME~orETo | F AR
-+ AT N HImi
SHAT PREXRT |BEICETHA =t =
5 — N o Do > %
Tk B oERERIE ECRET~xn | IEEEE B
e, N, T ‘ \
ok, IR, R (W LA AT EOB B ARSI | o —_—
}{EEH%E, HILEE, BHE | BFOBENRICKIETTEE
AR/

111




=

- . N e
EERA A4 REE 4 BEEA HRR 4 Hipo | R A v
. - EEOIDORHE
THEE, ([ BOBNITE M| s | B )
EEE L | A HEERE %um(%m)%w FLEIE | AR | 2005 56-61
— . TV A
T |pREORRR DRIH | B updtc 2002 EHHI s | 2005 | 199-210
6
A HHmE,
NS TN
PrEh<a, BELE _
il |compm BEAT, [RFWEv=a7r | Lk | gox | 2005 | GEP
e : HE B
AR
HHEH.
e
Genomics of . . . Oxford
ggrsrfgga osteoporosis and Egﬁn\iﬂdra I?/I?;(lici):ilrllzs and Clinical University 55:{( EnRll
related phenotypes Press
Yoshiji
\S(a}rln a;{da, Human functional Dh d G . d Clinical Oxford N
Ial 10ko genomics and avendra enomics and Clinica University ew ETR e
chihara, . Kumar Medicine York
Masaharu proteomics Press
Takemura
1 2oy |Advances in Aging and .
INRFFBE 3, . EHER A EFRFRE| <
St AR—VEEFH RER Health Research 2006 e B gl FJ1 Rl A
R 7 &)
HrEFE L EER BI— [ BEEFETIFAL BEILAE W FNRI
i [ o ORI ey mre | s EIR

113




IV. S5 R D
479 - Bl il




T Mol Med (2005) 83:50-57
DOI 10.1007/s00109-004-0578-4

ORIGINAL ARTICLE

Yoshiji Yamada - Fujiko Ando - Naoakira Niino
- Hiroshi Shimokata

Association of polymorphisms of the androgen receptor
and kdotho genes with bone mineral density in Japanese women

Received: 12 March 2004 / Accepted: 18 June 2004 / Published online: 4 November 2004

© Springer-Verlag 2004

Abstract Genetic variants of the androgen receptor and
klotho protein-may contribute to variation in bone mass as
well as to predisposition to osteoporosis. The relationship
of a CAG repeat polymorphism of the androgen receptor
gene (AR) and of a —395G—A polymorphism of the
klotho gene (KL) to bone mineral density (BMD) in
Japanese women was examined in a population-based
study. The subjects (1,101 and 1,110 women for AR and
KL polymorphisms, respectively) were aged 40-79 years
and were randomly recruited to a population-based
prospective cohort study of aging and age-related dis-
eases. BMD for the total body, lumbar spine, right fem-
oral neck, right trochanter, and right Ward’s triangle was
measured by dual-energy X-ray absorptiometry. Geno-
types for the AR and KL polymorphisms were determined
by polymerase chain reaction based assays. The number
of CAG repeats of AR was inversely correlated with BMD
for the lumbar spine in premenopausal women but not in
postmenopausal women. The (CAG) <2, and (CAG)p>23
alleles were designated S and L, respectively. Among
premenopausal women, BMD for the total body was
significantly lower in subjects with the LL genotype than
in those with the SS genotype or those in the combined
group of SS and SL genotypes. In contrast, BMD was not
associated with AR genotype in postmenopausal women.
Among all women, BMD for the lumbar spine was sig-
nificantly lower in subjects with the GG genotype of the
-395G—A polymorphism of KL than in those with the
AA genotype. BMD was not associated with -395G—A
genotype among premenopausal women. In postmeno-
pausal women, BMD for the total body or lumbar spine
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tended to be lower in subjects with the GG genotype than
in those with the AA genotype or those in the combined
group of GA and AA genotypes. These results suggest that
AR is a susceptibility gene for reduced BMD in pre-
menopausal Japanese women, and that KL is a suscepti-
bility gene for reduced BMD in all women.

Keywords Bone density - Androgen receptor - Klotho
protein - Genetics - Osteoporosis
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Abbreviations AR: Androgen receptor - BMD: Bone
mineral density - PCR: Polymerase chain reaction

Introduction

Osteoporosis, a major health problem of the elderly, is
characterized by a reduction in bone mineral density
(BMD) and a deterioration in the microarchitecture of
bone, both of which result in predisposition to fractures
{1]. Although reproductive, nutritional, and life-style
factors influence BMD, family and twin studies have
suggested that this parameter is largely heritable and
under the control of multiple genes [2, 3, 4]. Genetic
linkage analyses [5, 6, 7] and candidate gene association
studies {8, 9, 10] have thus implicated several loci and
candidate genes in the regulation of bone mass and the
prevalence of osteoporosis or osteoporotic fractures. Such
candidate genes include those for the androgen receptor
(AR) and klotho [11, 12].

Androgens play important roles in the development
and metabolism of bone [13]. The AR is expressed in
human osteoblastic cells as well as in human osteoclasts,
suggesting that androgens exert direct effects on bone
cells [14]. The gene encoding the AR (AR), which is
located on human chromosome Xqll-ql2, is thus an
important candidate susceptibility gene for osteoporosis.
Variation in the size of the microsatellite region in the
first exon of AR is attributable to a CAG repeat poly-
morphism that encodes a polyglutamine tract comprising
9-35 residues in the amino-terminal domain of the re-
ceptor protein [15, 16]. In vitro transfection assays have
demonstrated that AR proteins with shorter polyglutamine
tracts possess greater transactivation activity [17, 18, 19]
whereas tract size does not affect the binding of andro-
gens to the receptor [20]. Although the CAG repeat
polymorphism of AR was shown to be associated with
BMD in women or in men in some studies {11, 21, 22, 23,
24], other studies have failed to detect an effect of this
polymorphism on BMD or fracture risk [25, 26]. Fur-
thermore, racial differences in the number of CAG repeats
have been demonstrated, with African-Americans ex-
hibiting a higher prevalence of short CAG repeat se-
quences than other ethnic groups [15, 27]. Given the
ethnic differences in CAG repeat length as well as in
other genetic or environmental influences on BMD, it is
important to examine the relationship of the CAG repeat
polymorphism of AR to BMD in each ethnic group.

Klotho is a type I membrane protein that shares se-
quence similarity with members of the glycosidase family
[28]. Mice deficient in this protein exhibit multiple aging
phenotypes and age-related disorders, including a short-
ened life span, reduced spontaneous activity, arterioscle-
rosis, infertility, skin atrophy, premature thymic involu-
tion, pulmonary emphysema, and osteopenia, although the
function of klotho remains to be determined [28]. The
osteopenia observed in klotho-deficient mice is accom-
panied by a reduced turnover of bone; a decrease in bone
formation exceeds a decrease in bone resorption, resulting
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in substantial bone loss that resembles that in aging hu-
mans [29]. A human homolog of the mouse klotho gene
has been isolated and its structure determined [30]. The
human gene (KL) comprises five exons and spans approx.
50 kb on chromosome 13q12. Ogata et al. [31] examined
the relationship of a CA repeat polymorphism down-
stream of KL to BMD and showed that the alleles corre-
sponding to 22 and 24 repeats are associated with low and
high BMD, respectively. Kawano et al. [12] identified
eight and six polymorphisms of KL in white and Japanese
women, respectively, and showed that the -395G—A
polymorphism in the promoter of KL is associated with
BMD in postmenopausal (>65 years) women of each
ethnicity. The sizes of the populations in which this as-
sociation was detected were only small (55 white, 215
Japanese), however. Large-scale population-based studies
are thus required to assess the effect of this polymorphism
on BMD.

We attempted to identify genes significantly associated
with BMD in Japanese women in a population-based
study. AR and KL are both candidates for genes that
confer susceptibility to osteoporosis. We thus examined
the relationship of polymorphisms of these genes to BMD
in the present study, although there is no apparent bio-
logical link between the two genes. Our aim was to
identify a single polymorphism significantly associated
with BMD for each gene. Among several polymorphisms
previously identified in KL, only the -395G—A poly-
morphism has been shown to potentially affect gene
function. We therefore selected this polymorphism for our
analysis. We have now examined whether the CAG repeat
polymorphism of AR or the —395G—A polymorphism of
KL is associated with BMD in Japanese women in a
population-based study.

Methods

Study populétion.

The National Institute for Longevity Sciences-Longitudinal Study
of Aging (NILS-LSA) is a population-based prospective cohort
study of aging and age-related diseases [32]. The present study
represents a cross-sectional analysis within the NILS-LSA. The
subjects of the NILS-LSA are stratified by both age and gender and
were randomly selected from resident registrations in the city of
Obu and town of Higashiura in central Japan [32, 33]. The life-style
of residents of this area is typical of that of individuals in most
regions of Japan. The NILS-LSA aimed to recruit equal numbers of
men and women. Age at the baseline was 40-79 years, and the
numbers of participants in each age decade (40s, 50s, 60s, and 70s)
were similar. The planned number of participants was 2,400, that is,
approx. 300 men and 300 women in each age decade. A total of
7,855 men and women was randomly selected from the commu-
nity-dwelling population; of these selected individuals 16 were
already deceased and 49 had moved away. The remaining 7,790
individuals were invited to attend an explanatory meeting by mail;
a total of 3,434 replied, 881 of whom declined to attend the
meeting, 2,553 agreed to attend, and 2,513 actually did attend.
After the explanatory meeting, 2,267 individuals participated in the
initial examination. Thus of the 7,790 individuals contacted by mail
and the 34,34 individuals who replied, 29.1% and 66.0%, respec-
tively, enrolled in the study. The subjects will be followed up every
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2 years. All participants are subjected at a special center to a de-
tailed examination, which includes not only medical evaluation but
also assessment of exercise physiology, body composition, nutri-
tion, and psychology. Among the 2,267 participants 1,128 are
women. Fighteen women who had disorders known to cause ab-
normalities of bone metabolism, including diabetes mellitus, renal
diseases, rheumatoid arthritis, and thyroid, parathyroid, and other
endocrine diseases, or who had taken drugs such as estrogen,
progesterone, glucocorticoids, and bisphosphonates were excluded
from the present study. Nine women whose AR genotype was not
successfully determined were also excluded from the analysis of the
relationship of the AR polymorphism to BMD.

We examined the relationship of BMD at various sites to the
CAG repeat polymorphism of AR and to the —-395G—A polymor-
phism of KL in 1,101 and 1,110 women, respectively. The study
protocol complies with the Declaration of Helsinki and was ap-
proved by the Committee on Ethics of Human Research of National
Chubu Hospital and the NILS. Written informed consent was ob-
tained from each subject.

Measurement of BMD

BMD for the total body, lumbar spine (L2-L4), right femoral neck,
right trochanter, and right Ward’s triangle was measured by dual-
energy X-ray absorptiometry (QDR 4500; Hologic, Bedford, Mass.,
USA). The coefficients of variance of the machine were 0.9% (total
body), 0.9% (1.2-L4), 1.3% (femoral neck), 1.0% (irochanter), and
2.5% (Ward’s triangle). :

Determination of genotypes

The polymorphic region in exon 1 of AR was amplified by the
polymerase chain reaction (PCR) with a sense primer labeled at the
5" end with 6-carboxyfluorescein (5'-ACCTCCCGGCGCC-
AGTTTG-3") and with an antisense primer (5'-CTGCTGCTGC-
CTGGGGCTAG-3'). The reaction mixture (25 pl) contained 20 ng
DNA, 5 pmol of each primer, 0.2 mmol/l of each deoxynucleoside
triphosphate, 2.5 mmol/l MgSQO,, and 0.4 U KODplus DNA poly-
merase (Toyobo, Osaka, Japan) in polymerase buffer. The ampli-
fication protocol comprised initial denaturation at 94°C for 5 min;
35 cycles of denaturation at 94°C for 30 s and annealing-extension
at 68°C for 30 s; and a final extension at 68°C for 2 min. The size of
microsatellite-containing DNA fragments amplified by PCR was
determined with a Prism 3100 DNA sequencer with GeneScan and
Genotyper software (Applied Biosystems, Foster City, Calif.,
USA).

Genotypes for KL were determined with a fluorescence-based
allele-specific DNA primer assay system [34]. The polymorphic
region of KL was amplified by PCR with allele-specific sense
primers labeled at the 5 end with either fluorescein isothiocyanate
(5'-GGCGCCGACCAACTTXCC-3') or Texas red (5'-GGCGCC-
GACCAACTTXTC-3') and with an antisense primer labeled at the
5’ end with biotin (5-CTAGGGCCCGGCAGGATC-3'). The re-
action mixture (25 pl) contained 20 ng DNA, 5 pmol of each
primer, 0.2 mmol/l of each deoxynucleoside triphosphate,
2.5 mmol/l MgCl,, and 1 U of 1Tag DNA polymerase (Toyobo) in
polymerase buffer. The amplification protocol comprised initial
denaturation at 95°C for 5 min; 40 cycles of denaturation at 95°C
for 30 s, annealing at 65°C for 30 s, and extension at 68°C for 30 s;
and a final extension at 68°C for 2 min. The amplified DNA was
incubated in a solution containing streptavidin-conjugated magnetic
beads in the wells of a 96-well plate at room temperature. The plate
was then placed on a magnetic stand, and the supernatants from
each well were transferred to the wells of a 96-well plate containing
0.01 mol/l NaOH and were measured for fluorescence with a mi-
croplate reader (Fluoroscan Ascent; Dainippon Pharmaceutical,
Osaka, Japan) at excitation and emission wavelengths of 485 and
538 nm, respectively, for fluorescein isothiocyanate and of 584 and
612 nm, respectively, for Texas red.

Statistical analysis

Since quantitative data were not necessarily all distributed nor-
mally, they were compared by both parametric and nonparametric
tests. Comparisons between two groups were performed with the
unpaired Student’s ¢ test or the Mann-Whitney U test, and those
among three or more groups were compared by one-way analysis of
variance and the Tukey-Kramer post hoc test or by the Kruskal-
Wallis test (SAS, SAS Institute, Cary, N.C., USA). Since the results
obtained with parametric and nonparametric tests were similar,
statistical analyses with the former are shown in Tables 1, 2, 3, and
4. BMD values were analyzed with adjustment for age, height, and
body weight by the least squares method in a general linear model.
Allele frequencies were estimated by the gene-counting method,
and the y° test was used to identify significant departure from
Hardy-Weinberg equilibrium. The effects of the CAG repeat gen-
otype of AR, the ~395 G—A genotype of KL, or both genotypes on
BMD at various sites for all women were evaluated by regression
analysis; R? and P values were calculated from analysis of AR
genotype and/or KL genotype. We considered a P value of 0.005 or
less to be statistically significant for the multiple comparisons of
genotypes with BMD. For other background data, a P value of 0.05
or less was considered statistically significant. We also calculated
the statistical power to detect differences in BMD among women
with different genotypes, where a=0.0167 among three groups,
a=0.0083 among four groups, and f=0.1.

Resuits

The distribution of the number of CAG repeats in AR for
all women ranged from 12 to 37 (22.8+£2.9; Fig. 1). The
number of CAG repeats was significantly related to L2~
L4 BMD for premenopausal women, but not for post-
menopausal or total women (Fig. 2). Among premeno-
pausal women BMD for the lumbar spine decreased as the
number of CAG repeats increased. Since the mean num-
ber of CAG repeats was 22.8, we designated CAG),<2
and (CAG),>,3 alleles as short (S) and long (L) alleles,
respectively.

The distributions of S8, SL, and LL genotypes of AR
were in Hardy-Weinberg equilibrium, and age, height,
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Fig. 1 Distribution of the number of CAG repeats in AR in 1,101
women (2,202 alleles)
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Fig. 2 Relationship between
the number of CAG repeats in
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AR and 1L2-1L4 BMD. A All ’ oo
women (n=1,101, 2,202 alle-
les); r=—0.01967, P=0.3584. B
Premenopausal women (n=275,
550 alleles); r=-0.14455,
P=0.0007. C Postmenopausal
women (n=809, 1,618 alleles);
r=0.00751, P=0.7644

L.2-1L4 BMD (g/cm?)

1.6 1.6
o0
1.41
% %og oo 88 o 00
0 Mﬂﬁp.ﬁo 00 1. 00080880 o o
grtboRERad Q £ °
sl 0 % 385 o
O opt 1.04 X
o 8aHg %00 Egiﬁ% o
é go © 0o Jolels]
oo g 80 0.81 ORHD o
o oo oY Brbktofoo o
o BERDER S o
000 o 06 © © '~j, 800
go 553559
0.4 [ol¢]
° ° 0.2 0. ° °
T T 0.0 T T 0.0 v —
10 20 30 40 10 20 30 40 10 20 30 40
Number of Repeats

Table 1 BMD and other characteristics of all women (n=1,101) according to the CAG repeat genotype of AR. BMD values are adjusted

for age, height, and body weight

- 8§ (n=238, 21.6%) SL (n=535, 48.6%)

LL (n=328, 29.8%)

SS + SL (n=773, 70.2%) SL + LL (n=863, 78.4%)

Age (years) 58.9+0.7 59.1+0.5 59.9+0.6 59.1+0.4 59.4+0.4

Height (cm) 151.8+0.4 151.2+0.3 151.0+0.3 151.4+0.2 151.1£0.2

Body welght (kg) 52.3x0.5 52.4£0.4 52.6+0.5 52.4+0.3 52.5+0.3

BMD (g/cm ) ’
Total body 0.972+0.006 0.965+0.004 0.961+0.005 0.967+0.003 0.963+0.003
L2-14 0.884+0.008 0.861+0.005* 0.860+0.007 0.868+0.005 0.860:£0.004**
Femoral neck 0.686+0.006 0.677+0.004 0.675+0.005 0.680+0.003 0.676x0.003
Trochanter 0.576+0.005 0.570+0.004 0.568+0.005 0.572+0.003 0.569+0.003
Ward’s triangle 0.514+0.008 0.506+0.005 0.505+0.006 0.508+0.004 0.506::0.004

* P<0.05, **P<0.01 vs. SS (statistical power to detect differences in BMD among women with SS, SL, or LL genotypes is 0.1% of the

largest value)

and body weight did not differ among genotypes, for all
women (Table 1). BMD for the lumbar spine with ad-
justment for age, height, and body weight tended to be
lower in the combined group of women with the SL or LL
genotypes or in women with the SL genotype than in those
with the SS genotype; the P values for these differences,
however, did not achieve statistical significance.

To examine the possible influence of menopause on
the relationship between genotype and BMD, we ana-
lyzed BMD and other characteristics for premenopausal
and postmenopausal women independently. Because of
their small number (n=17) perimenopausal women were
excluded from the analysis. The distributions of SS, SL,
and LL genotypes of AR were in Hardy-Weinberg equi-
librium, and age, height, and body weight did not differ
among genotypes, for premenopausal or postmenopausal
women (Table 2). For premenopausal women, BMD for
the total body was significantly (P<0.005) lower in those
with the LL genotype than in those with the SS genotype
or those in the combined group of SS and SL genotypes.
The difference in BMD for the total body between the SS
genotype and the LL genotype was 3.9% (expressed as a
proportion of the larger value). In contrast, BMD was not
associated with AR genotype in postmenopausal women.
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The distribution of —395G— A genotypes of KL was in
Hardy-Weinberg equilibrium, and age, height, and body
weight did not differ among genotypes for all women
(Table 3). BMD for the lumbar spine was significantly
(P<0.005) lower in women with the GG genotype than in
those with the AA genotype; the difference in L2-14
BMD between these two groups (expressed as a per-
centage of the larger value) was 7.9%.

We also analyzed the relationship of BMD and other
characteristics to KL genotype for premenopausal and
postmenopausal women independently (Table 4). The
distributions of —-395G—A genotypes of KL were in
Hardy-Weinberg equilibrium, and age and body weight
did not differ among genotypes in premenopausal or
postmenopausal women. Height did not differ among KL
genotypes in premenopausal women, but postmenopausal
women with the GG genotype were taller than were those
with the GA genotype or those in the combined group of
GA and AA genotypes. In premenopausal women, BMD
was not associated with —-395G—A genotype. In post-
menopausal women, although there was a trend (P<0.05)
for BMD for the total body or lumbar spine to be lower in
subjects with the GG genotype than in those with the AA
genotype or those in the combined group of GA and AA
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Table 5 Effects of the CAG

R t
repeat genotype of AR, the AR genotype

KL genotype AR and KL genotypes

-395G—A genotype of KL, or R? P R? P R? P
both genotypes on BMD in all
women (n=1,110). The R2and p  Total body
values were derived from re- AR 0.0023 0.1255 0.0015 0.2151 0.0026 0.1016
gression analysis of AR geno- KL 0.0015 02157
type (0=SS, 1=SL=LL) and/or =~ L2-L4
KL genotype (0=GG=GA, AR 0.0045 Q.0307 0.0045 0.0287 0.0048 0.0256
1=AA) KL 0.0046 0.0281
Femoral neck
AR 0.0031 0.0735 0.0008 0.3457 0.0034 0.0621
KL 0.0008 0.3464
Trochanter
AR 0.0013 0.2399 0.0027 0.0921 0.0016 0.1991
KL 0.0027 0.0958
Ward’s trian-
gle
AR 0.0015 0.2124 0.0013 0.2382 0.0017 0.1856
KL 0.0013 0.2432

genotypes, the P values for these relationships did not
achieve statistical significance.

Finally, the effects of the CAG repeat genotype of AR,
the -395G—A genotype of KL, or both genotypes on
BMD at various sites in all women were evaluated by
regression analysis (Table 5). Although there was a trend
(P <0.05) that AR genotype and KL genotype affected
BMD for the lumbar spine, this difference was not sta-
tistically significant. The effects of the two polymor-
phisms on BMD were statistically independent.

Discussion

The CAG repeat polymorphism of AR has previously
been shown to be associated with osteoporosis in men. In
a study of white men, repeat length was inversely corre-
lated with BMD, with long repeats [(CAG),.2;] being
associated with lower phalangeal BMD, higher bone
turnover, and increased bone loss [21]. A study of Finnish
men, however, did not detect an association between this
polymorphism of AR and BMD [26]. In women over-
representation of certain AR genotypes (combinations of
alleles with 22, 23, 24, or 25 repeats) was found among
pre- or perimenopausal individuals with low BMD [11]. A
Danish study demonstrated a higher frequency of long
alleles in women with osteoporotic fractures and a neg-
ative correlation between allele size and BMD [22]. In
contrast, no association was observed between the AR
polymorphism and BMD in a study of Finnish women
[25]. The effects of the CAG repeat polymorphism of AR
on BMD have not previously been determined for pre-
menopausal and postmenopausal women independently in
the same ethnic group.

We have now shown that the number of CAG repeats
in AR is inversely correlated with BMD for the lumbar
spine in premenopausal Japanese women, and that BMD
for the total body is significantly lower in premenopausal
women with two (CAG),,»3 alleles than in those with one
or two (CAG), <2 alleles. Our observation that long re-
peat alleles are associated with reduced BMD is consis-
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tent with the similar previous observation in Danish
women [22].

This association between BMD and the CAG repeat
polymorphism is possibly attributable to the fact that the
transactivation activity of the AR is inversely correlated
with the number of CAG repeats [17, 18, 19]. In vitro
observations thus suggested that a decrease of six CAG
repeats results in a 12% increase in ligand-dependent
transactivation activity of the AR [18]. This relationship
between repeat length and transactivation activity is due
in part to variation in the basal activity of the AR and to
functional interaction of the polyglutamine tract with
coactivators [35, 36]. In addition, the serum concentration
of androgens is related to the CAG repeat polymorphism
of AR, with short alleles being associated with higher
levels of androgens in premenopausal women [37]. This
finding supports our observation that the AR polymor-
phism is associated with BMD in premenopausal, but not
postmenopausal, women, although the definition of short
alleles differed between this previous study [(CAG),<9]
[37] and our study [(CAG),<2;] and postmenopausal
women were not examined in the previous study [37].

The mean number of CAG repeats for the AR in our
population (22.8) was greater than that previously re-
ported in Danish women (21.9) [24] or in Danish normal
(20.5) or osteoporotic (21.0) women [22]. Furthermore,
the mean number of CAG repeats in African-American
men (20.1) was smaller than that in white men (22.1) or
Asian men (22.1) [15]. These differences in repeat num-
ber may account at least in part for the differences in
BMD or in the prevalence of osteoporosis among ethnic
groups. Since the mean number of CAG repeats was 22.8
in our study population, we designated (CAG), <2, and
(CAG),;>23 alleles as short (S) and long (L) alleles, re-
spectively. The cutoff value for the CAG repeat number
in our study was thus greater than that in previous studies:
(CAG),<21 [24], (CAG),<0 [22], (CAG),<19 [37], and
(CAG),<15 [25] for the § allele.

The somatic cells of most females contain two X
chromosomes, only one of which is active. The process of
X chromosome inactivation, which occurs early in de-
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velopment, is usually random, resulting in the generation
of tissues with approximately equal numbers of cells in
which the active X chromosome is of maternal or paternal
origin [38]. Deviation from such an equal distribution of
the two cell types can occur, however. A skewed pattern
of X chromosome inactivation affecting the CAG repeat
polymorphism of AR has been associated with other
hormone-related diseases in women [38, 39, 40]. Given
that no information is available on the relative extents of
inactivation of the S and L alleles of AR in the present
study, the evaluation of BMD in individuals with the SL
genotype requires caution.

The —395G—A and 1818C—T polymorphisms of KL
have previously been associated with BMD for the total
body in white women aged 65 years or older and with that
for the distal radius in Japanese women of the same age
group, with BMD decreasing according to the rank orders
of genotypes GG >GA >AA for the -395G—A polymor-
phism and CC >CT >TT for the 1818C—T polymorphism
[12]1: In the present study we examined the relationship of
BMD at various sites to the —395G— A polymorphism but
not to the 1818C—T polymorphism, since the latter is a
synonymous polymorphism (His—His) and appears not to
have a functional effect. We found that the -395G—A
polymorphism of KL is significantly associated with
BMD for the lumbar spine in all women, with the GG
genotype representing a risk factor for reduced BMD.
However, when premenopausal and postmenopausal
women were analyzed separately, this polymorphism was
not significantly related to BMD in either group, although
there was a trend for the GG genotype to be associated
with low BMD in postmenopausal women. The alleles of
the -395G—A polymorphism associated with reduced
BMD thus differ between the present study (G allele) and
the previous study (A allele) [12]. Although the reason for
this discrepancy is unclear, there are two major differ-
ences between the two studies: (a) The number of subjects
in which the association was detected was greater in our
study (n=1,110) than in the previous study (n=55 for
white women, n=215 for Japanese women). (b) BMD was
compared among KL genotypes with adjustment for age,
height, and body weight in our study, but BMD was not
adjusted in the previous study. However, it is possible that
the —395G—A polymorphism of KL is in linkage dis-
equilibrium with other polymorphisms of KL or of nearby
genes that are actually the determinants of BMD. Al-
though we adopted a strict criterion of statistical signifi-
cance (P<0.005) for the association of genotypes with
BMD, we cannot completely exclude the possibility of
statistical errors such as false positives.

Evidence suggests that the —395G—A polymorphism
of KL affects promoter function [12]. Electrophoretic
mobility-shift analysis revealed that the amount of DNA-
protein complex formed by the G allele of the promoter
was greater than that formed by the A allele, suggesting
that the binding of one or more proteins to the promoter is
impaired by the G— A substitution, which may affect the
expression of KL. The effect of this polymorphism on the

transcriptional activity of KL, however, remains to be
determined.

There were no subjects with clinical vitamin D defi-
ciency such as osteomalacia in the present population.
However, National Nutrition Survey in 2001 suggested
that in approximately 25% of Japanese individuals, the
amount of vitamin D taken was smaller than that of daily
requirement (100 IU). Serum concentrations of free thy-
roxine in three subjects (0.3%) slightly exceeded the
normal range (0.77-1.93 ng/d}). It is thus possible that
subclinical vitamin D deficiency or thyrotoxicosis af-
fected the results obtained in the present study.

In conclusion, our present results suggest that AR is a
determinant of BMD in premenopausal Japanese women,
with the (CAG),>»3 allele representing a risk factor for
reduced BMD. KL is also a determinant for bone mass in
Japanese women, with the G allele being a risk factor for
reduced BMD. The effects of both polymorphisms on
BMD were statistically independent.
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Aim: The purpose of the present study is to assess the relationships of muscle strength
and power with recent leisure-time physical activity and exercise during adolescence in
middle-aged and elderly Japanese women.

Methods: The subjects consisted of 1128 community-dwelling women aged 40-
79 years. They were interviewed about their physical activity habits during leisure time in
the past 12 months and exercise they engaged in during adolescence. Muscle function was
measured as grip strength, knee extension strength and leg extension power. Subjects were
grouped into three intensity levels for leisure-time physical activity and as to whether or
not they engaged in adolescent exercise. The relationships of muscle strength and power
with leisure-time physical activity and adolescent exercise were assessed using analysis of
covariance controlled for age, smoking status, annual income and education level.

Results: The proportion of subjects that participated in leisure-time physical activity was
67.1% (light, 33.7%; moderate or heavy, 33.4%). The subjects that engaged in adolescent
exercise represented 41.9% of the total. There was a significant relationship between lei-
sure-time physical activity and adolescent exercise. In the analysis of covariance controlled
for age, smoking status, annual income and education level, leisure-time physical activity
and adolescent exercise had significant main effects on all muscle strength and power mea-
surements. However, there was no interaction effect between leisure-time physical activity
and adolescent exercise.

Conclusion: The results suggest that current leisure-time physical activity and adoles-
cent exercise benefit muscle function in middle-aged and elderly women.

Keywords: adolescent exercise, leisure-time physical activity, middle-aged and elderly,
muscle power, muscle strength.
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Regular physical activity and exercise are closely associ-
ated with muscle function. Previous cross-sectional
studies suggest that regular physical activity, such as lei~
sure-time physical activity or playing sports, is positively
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associated with muscle strength and power,? and some
longitudinal studies showed that elderly women who
were very physically active maintained their knee exten-
sor strength at a higher level.* Intervention studies also
documented the effects of strength training on the
improvement of muscle strength.>' The stimuli of
physical activity or exercise on skeletal muscle may help
maintain or improve muscle function.

On the other hand, since muscle function develops
rapidly during childhood and adolescence, reaching a
peak during adulthood, the beneficial effects of exercise
on muscle development seem to be greater during this
period. Moreover, Malina noted that tracking of physi-
cal activity in youth was associated with physical per-
formance in later life."? Therefore, it is important to pay
attention not only to current physical activity but also to
adolescent physical activity to prevent a decline of mus-
cle strength and power in the elderly. However, little is
known about the contribution of both current and ado-
lescent physical activity on muscle function in middle-
aged and elderly people.

The purpose of the present study was to assess the
relationships of muscle strength and power with cur-
rent leisure-time physical activity (LTPA) and past ado-
lescent exercise (AEX) in middle-aged and elderly
Japanese women. Although the age-associated changes
in muscle strength and power were similar by gender,
women are generally weaker than men across the adult
life span.”*® Since women have a longer period of
dependency than men, in spite of women’s longer life
expectancy,'*? poor muscle strength and power may be
a more serious physical problem for elderly women,
resulting in disability or difficulty in performing basic
daily tasks. For these reasons, we focused on women in
this study.

Methods

Subjects

The data for the present study were derived from base-
line data collected as part of the initial survey of the
National Institute for Longevity Sciences-Longitudinal
Study of Aging (NILS-LSA). In this project, the normal
aging process has been assessed using detailed
questionnaires and examinations including clinical
evaluations, blood chemistries, anthropometrical mea-
surements, physical fitness tests, nutritional analysis,
and psychological tests. Details of the study are reported
elsewhere.?’ The initial survey of NILS-LSA involved
2267 men and women aged 40-79 years. They were
gender- and decade age-stratified random samples liv-
ing in Obu city and Higashiura-cho Aichi Prefecture,
Japan. Written informed consent was obtained from all
the participants. Out of these 2267 participants, 1128
wormen were used as subjects in this study.
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Muscle function

Grip strength (GS): a handgrip dynamometer (Takei
Co., Japan) was used to assess grip strength in kilo-
grams. The subjects stood holding a handgrip dyna-
mometer with their hands by their sides while squeezing
with maximum force alternating the left and right
hands. The average of two readings from each hand was
used as the measurement result.

Knee extension strength (KES): the subjects were
seated in an adjustable straight-back chair (Takei Co.,
Japan) with the pelvis, knee and ankle fixed at 90°. A
strain gauge was attached to the distal leg by a strap just
above the ankle. The subjects tried to extend their legs
using maximum isometric force with the knee flexed at
90° while the amplified output from the strain gauge
was recorded. The average of the maximum force that
each leg attained after three attempts was used as the
measurement result in kilograms.

Leg extension power (LEP): leg extension power was
measured with the help of a sledge ergometer in a sitting
position (Takei Co., Japan). The acceleration of the
sledge was 0.73 m/s and the sledge stroke was 0.79 m.
The subjects were fastened by a seat belt to the chair. In
the starting position, the feet were placed on a footplate
attached perpendicularly to a rail, and the knee angle
was adjusted to 90°. The subjects were asked to extend
their legs as quickly and powerfully as possible, so that
the footplate started sliding horizontally on the rail. The
highest result of eight attempts was taken as the mea-
surement result in watts.

A medical doctor asked the subjects about their
health condition before the muscle function tests. Sub-
jects with serious pains, physical injuries or illness of the
orthopedic or cardiovascular systems were excluded. All
muscle function tests were performed on the same day.

Physical activity

Leisure-time physical activity (CTPA): trained interview-
ers using a questionnaire developed by the Japanese Lif-
estyle Monitoring Study Group asked subjects about
the frequency and duration of their physical activity
habits during leisure time for the past 12 months.? This
questionnaire was modified from the Minnesota Lei-
sure-time Physical Activity Questionnaire, one of the
most widely used physical activity questionnaires.®
Activities that were performed at least once a week and
for 10 min were defined as LTPA, and classified into
three levels: light (approximate physical intensity; 2.5
METs [metabolic equivalents]); moderate (4.5 METs);
heavy (> 6.5 METs) (Table 1). Sedentary activities in
LTPA, for example, bonsai, were excluded.

Adolescent exercise (AEX): subjects were also inter-
viewed in the same questionnaire about the frequency
and duration of their participation in physical exercise
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Table 1 The classification of leisure-time physical activity

Level Approximate Description Examples
intensity (METSs) »
Light 2.5 Activity such as walking Walking, gymnastic exercise, gardening, etc.
Moderate 4.5 Sweating activity that one Brisk walking, dancing, swimming for
can do comfortably pleasure, etc.
Heavy = 6.5 Vigorous exercise with Several sports activities (swimming, tennis,

heavy breathing badminton etc.)
METs, metabolic equivalents.
Table 2 Characteristics of the subjects Table 3 The participation rates in leisure-time
physical activity (LTPA) and adolescent exercise (AEX)
n Mean + SD
0,
Age (years) 1128  59.3+10.9 Levels n (%)
Height (cm) 1128  151.3z%6.1 LTPA None 371 (32.9)
Weight (kg) : 1128 52.4+82 Light 380 (33.7)
Body mass index (kg/m?) 1128 22.9+3.3 Moderate or heavy 377 (33.4)
Body fat (%) 1120 31.5£5.2 AEX 473 (41.9)t
Grip strength (kg) 1106 23.8+5.1 TTotal number of the subjects who participated in AEX.
Knee extension strength (kg) 780 252+£6.8
Leg extension power (w) 1048 301.4+107.1
Smoking status (%; currently) 1126 7.3
Annual income (%:; 1055 54.7 subjects who participated in heavy LTPA, we combined
= ¥6 500 000) the subjects who engaged in moderate LTPA and heavy
Education level (%:; 1123 23.1 LTPA together as LTPA (H). They were also divided
> high school) into those who engaged in adolescent exercise, AEX

or sports, such as club activities, in addition to compul-
sory physical exercise at school from 12 to 20 years of
age. Activities that were engaged in at least once a week
over 1 year were defined as AEX.

Other parameters

Height and weight were measured using a digital scale.
Body mass index was calculated by weight divided by
height squared (BMIL kg/m?. Body fat mass was
assessed by dual X-ray absorptiometry (DXA; QDR-
4500A, Hologic, USA). Lifestyle factors including
smoking status, annual income and education level
were also determined by questionnaire.

Statistical analysis

The participation rate in physical activity was calculated
as the percentage of subjects who reported such activi-
ties in a multiple response format. The subjects were
divided into three groups according to the intensity of
LTPA: no LTPA, LTPA (N); participation in only light
activities, LTPA (L); participation in moderate or heavy
activities, LTPA (H). Because there were only a few
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(#), and those that did not, AEX (-). The Cochran-
Mantel-Haenszel method was used to examine the
relationship between LTPA and AEX. The relationship
of muscle function with LTPA and AEX was analyzed
using the analysis of covariance controlled for age,
smoking status, annual income and education level.
Statistical testing was performed using the Statistical
Analysis System release.8.2 (SAS Institute Inc. NC,
USA).** Significant probability levels were considered
to be less than 0.05.

Resuilts

The characteristics of the subjects are summarized in
Table 2. The mean and standard deviation (SD) of age
was 59.3 £ 10.9 years. The averages of the anthropo-
metric parameters, height, weight, BMI and percent
body fat, were 151.3*6.1cm, 52.4%8.2kg,
22.9+3.3 kg/m?> and 31.5+5.2%, respectively. The
averages for muscle strength and power, GS, KES
and LEP, were 23.8%+5.1kg, 252+6.8kg and
301.4 +107.1 w, respectively. The proportions of people
who currently smoked, had an annual income of over
6 500 000 yen, and had an education beyond high
school were 7.3, 54.7 and 23.1%, respectively.

Table 3 shows the participation rates in LTPA and
AEX. Subjects who did not participated in leisure-time
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Table 4 The relationship between leisure-time physical activity (LTPA) and adolescent exercise (AEX)

LTPA (N) LTPA (L) LTPA (H) P-value
AEX (9 228 (34.8) 242 (37.0) 185 (28.2) <0.001
AEX (+) 143 (30.2) 138 (29.2) 192 (40.6)

Numbers (%) are shown for those who participated in LTPA orAEX.

Cochran-Mantel-Haenszel test, df = 1.

Table 5 Covariance models for muscle functions

Grip strength

Knee extension strength Leg extension power

df F-value df F-value df F-value
LTPA 2 5.6% 2 11.8% 2 13.8%
AEX 1 28.8% 1 17.3% 1 8.6%
LTPA x AEX 2 0.2 2 0.1 2 0.9
Error 1023 718 972
12 0.32 0.23 0.26
*P < 0.0S.

Covariance models were controlled for age, smoking status, annual income and education level.

LTPA, leisure-time physical activity; AEX, adolescence exercise.

physical activity in the past 12 months accounted for
32.9%. Subjects who participated in light activities and
in moderate or heavy activities were 33.7% and 33.4%,
respectively. About 42% reported that they had partic-
ipated in AEX. The most popular sports in adolescence
were volleyball, table tennis and softball.

There is a significant difference in the participation
rates of LTPA relative to the level of AEX (Table 4). The
AEX (+) subjects were more likely to participate in
higher levels of LTPA than the AEX (-) subjects
(P < 0.001).

The relationships of muscle strength and power to
both LTPA and AEX are shown in Table 5. As a result of
analysis of covariance controlled for age, smoking sta-
tus; annual income and education level, LTPA and AEX
had significant main effects on GS, KES and LEP
(P <0.05). However, there was no interaction effect
between LTPA and AEX, which indicated the subjects
who participated in higher levels of LTPA or the sub-
jects who participated in AEX independently have
stronger muscle strength and power than those who did
not participate (see Fig. 1).

Discussion

The aim of the present study was to examine the rela-
tionships of muscle strength and power with current
leisure-time physical activity and past adolescent exer-
cise in middle-aged and elderly women. We found
that people who participated in higher levels of cur-
rent leisure-time physical activity or adolescent exer-
cise had stronger grip strength, knee extension
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strength and leg extension power than those who did
not participate.

Our result that current leisure-time physical activity
was associated with positive muscle functions is sup-
ported by previous studies. In a cross-sectional study,
Hunter et al. reported that women who participated in
recreational activity or exercise had stronger hand-grips
and greater knee extensor strength across age groups
(from the 20s through 80s) than those who did not par-
ticipate in those activities.”® Van Heuvelen etal. also
reported that leisure-time physical activity is positively
and age-independently associated with grip strength
among a community-based sample aged 57 years and
older.! As for muscle power, it was shown that current
physical and sporting activities could contribute to
muscular strength and power improvement among
healthy subjects over 60 years old.?® Current leisure-
time physical activity may help preserve muscle strength
and power. Improvements in muscle function due to
training adaptation have been observed in several inter-
vention studies.”™ Although strength training may
increase muscle function, the results of our study sug-
gest that stimuli from leisure-time physical activity,
which does not necessarily include strength training,
may also affect the development of muscle function.

Furthermore, although the data were not shown, we
also analyzed the data excepted for the subjects who
participated in heavy leisure-time physical activity from
LTPA (H), and attained results similar to those we have
presented here. Accordingly, the physical activity
required to maintain or develop muscle function seems
to be only moderate activity.
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Figure 1 The relationships of leisure-time physical activity
and adolescent exercise with grip strength, knee extension
strength and leg extension power controlled for age, smoking
status, annual income and education level. (AEX(-), without
adolescent exercise; AEX(+), with adolescent exercise;
LTPA(N), no leisure-time physical activity; LTPA(L), light
leisure-time physical activity; LTPA(H), moderate and heavy
leisure-time physical activity.)
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The most interesting finding in our investigation was
that adolescent exercise related positively to muscle
function in middle-aged and elderly women.

It seems to contribute to strong muscle strength and
power partly because the beneficial training effect of
adolescent exercise remains in later life and partly
because the continuation of physical activity from ado-
lescence affects muscle function.

It is well known that resistance training increases
muscle strength and power.”"! Therefore, training dur-
ing adolescence may influence the build-up of muscle
strength and power during the same period, although
the positive benefit of training on muscle function
decreases during a detraining period.”** Moreover,
Connelly etal. suggested that long-term detraining
effects on muscle function increased in elderly women
because of aging and iliness,?® which makes it difficult to
conclude that the adolescent training effect on muscle
strength or power persisted for more than 20 years. It is
unclear whether the effects of exercise or sport partici-
pation for longer than one year during adolescence are
actually retained until middle and old age. Further stud-
ies are needed.

Since it has been suggested that past participation in
regular exercise is highly predictive of exercise partici-
pation in current exercise in later life,***? which means
that people who have participated in regular exercise
tend to continue exercising, the continuation of physi-
cal activity may be the factor associated with positive
muscle function. Hiraoka et al. reported that individuals
examined at centers for health promotion who main-
tained the habit of regular exercise from school days to
the present had a higher level of physical fitness than
those who did not.*® Although there were only 40 sam-
ples, Gauchard et al. also showed, that among the eld-~
erly aged over 60 years, individuals who participated in
regular exercise for more than 40 years had stronger
muscle strength and power compared to those who
stopped physical activity at least 30 years before.? Frin-
din et al. reported that there was no association between
activity level during the teenage years and muscle
strength at age 76, but they also reported that the activ-
ity level throughout life was associated with walking
speed among elderly women.** These results suggest
that the continuation of exercise from early in life is
associated with the prevention of declining muscle
function in later life. Actually, our data indicated a rela-
tionship between current leisure-time physical activity
and adolescent exercise as regards participation rates. It
is possible that adolescent exercise is a predictor of par-
ticipation in leisure-time physical activity later in life
and the subjects who engaged in adolescent exercise
continued exercising afterward.

It may be presumed that physical exercise or sports
in youth are essential for the establishment of an
exercise habit and the preference for an active lifestyle.
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Participation in adolescent exercise may have not only
direct effect on muscle functions but also indirect effect
through increment of participation in leisure-time
physical activity in later life.

There are some limitations in our study. First,
because it was a cross-sectional study, cause and effect
cannot be distinguished. For example, leisure-time
physical activity can increase muscle function, but the
level of muscle function may also contribute to partic-
ipation in leisure-time physical activity. Secondly, the
objective reliability of the results may be somewhat lim-
ited because the physical activity was based on self-
rating, although previous study has already confirmed
the reliability of the method,? and trained interviewers
conducted the questioning in order to maintain the
validity of our data.

Finally, the criterion for acceptance of physical activ-
ity in the study was lower than the recommended cri-
terion of exercise for improving physical fitness (i.e. two
ot more times per week). In addition, we assessed only
the intensity of physical activity so that the effect of
physical activity duration on muscle function could not
be identified. Furthermore, it should be remembered
that the habit of engaging in physical activity often
includes a motivation to participate in a healthy and
active lifestyle, which, in itself, might affect muscle
function. Nevertheless, the results of this study afford
some perspective for preventing the decline of muscle
strength and power, and thus, maintaining the quality
of life in the elderly.

In conclusion, women who participated in a higher
level of leisure-time physical activity or those who par-
ticipated in adolescent exercise have significantly stron-
ger muscle strength and power than those who did not.
These results suggest that current leisure-time physical
activity and adolescent exercise are beneficial for main-
taining muscle strength and power in middle-aged and
elderly women.
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